Fibres of macroscopic size (up to 5 cm in length) formed spontaneously in initially homogeneous systems containing alkali metal salts of saturated n-alkylcarboxylic acids and sodium silicate. After drying, these fibres resembled wool or down, with some being in the form of dense strands which laminated into single fibres with time. The minimal thickness of these single fibres was ca. 0.5 mm and, since a dense parallel cluster contained ca. 34 000 micellar strands, the thickness of each fibre plus associated silicate surface layer amounted to ca. 27 Å. It was suggested that the key feature of the self-assembly mechanism is the weak interaction between a surfactant molecule and a silicate leading to the continuous formation of microscopic sized fibres.
INTRODUCTION
The idea and realization of the broad possibilities of designing supramolecular structures with different space forms (lamellar, hexagonal, cubic) based on silicates and other inorganic framework-forming compounds (Monnier et al. 1993; Huo et al. 1994 ) arose almost simultaneously with the appearance of the first studies concerned with the application of self-assembly processes involving surfactant molecules and a silicate to obtain mesoporous silica and aluminosilicate molecular sieves (Kresge et al. 1992; Vartuli et al. 1994) . Such approaches soon led to mesoporous molecular sieves being obtained as empty tubes of 0.3-3.0 mm diameter (Lin and Mou 1996) and microspheres (Grun et al. 1997) , as well as materials with a lamellar structure formed via co-axial cylinders (Sayari 1997 ) and co-axial spheres (vesicles) (Tanev and Pinnavaia 1995; Tanev et al. 1997 ) and subsequently as mesoporous silica nanotubes (Lin and Mou 1996) and other more complicated structures (Ozin 2000) .
The additional possibilities presented by heterogeneous systems (microemulsions) at the water/ oil interface allowed mesostructural porous modifications of silica to be obtained in the form of microspheres, films and single fibres with lengths up to 1 mm (Schacht et al. 1996) , as well as in the form of macroporous bicontinual frameworks (Sims et al. 1998) . It should be noted that several mesoporous materials may be fabricated in the form of fibres not only by self-assembly methods but also by spinning if their original solutions are rather viscous (Yang et al. 1998) . In this case, the key factor is probably the use of a viscous solution of certain polymers and block copolymers that do not exhibit strong electrolyte properties so that they undergo weaker interaction and have a lower capacity as structure-forming templates.
Combining the processes of self-organization on a micro and macro level (at the water/hexane interface) allowed the self-formation of transparent fibres with diameters in the 1-15 mm range and with lengths up to 5 cm, which exhibited hexagonal packing of mesopores in their crosssections (Huo et al. 1997) . In this case, the aqueous medium contained a surfactant and hydrochloric acid while the organic medium contained tetrapropoxy-and tetrabutoxy-silanes. Within a few dozen hours, fibres were formed at the interface which grew on the aqueous phase side of the same.
We have found that similar fibres partly collected into dense strands undergo self-formation as a basic and/or single mesophase in sodium salt solutions of some alkylcarboxylic acids and sodium silicate at room temperature. In the present study, the conditions for the fabrication of such fibrous materials have been determined and some views regarding their formation mechanism are advanced.
EXPERIMENTAL
The sodium salts of alkylcarboxylic acids [AlkC(O)ONa] used as reagents were obtained by titration in an ethanolic solution of an individual alkylcarboxylic acid (AnalaR grade) with an aqueous NaOH solution. Sodium silicate was obtained by the dissolution of a highly dispersed silica (Aerosil-300, obtained from Oriana, Kalush) in an aqueous NaOH (AnalaR grade) solution employing the method described by Iler (1982) .
The initial reaction mixture had the molar composition 4Na 2 SiO 3 3AlkC(O)ONa xH 2 O where x was equal to 2000, 8000 and 10 000 for surfactants with alkyl radical chain lengths of 11, 13 and 15 carbon atoms respectively (C 11 , C 13 and C 15 ), and to 200 for the three lower (C 5 , C 7 and C 9 ) homologues studied. The solution of sodium silicate (1.26 M) was added to the stirred aqueous solution of the alkylcarboxylic acid salt and after ca. 30 min, depending on the surfactant employed, the pH of the system attained a value in the range 11.0-11.2. The pH was reduced to a lower, known value (6.2-10.7) by the dropwise addition of a sulphuric acid solution (2.86 M). After a time a light opalescence appeared and after 10-20 h formation of a gel had occurred. This gel was transferred to a Petri dish and allowed to dry at room temperature. Fibres formed after 3-4 d when the C 5 , C 7 and C 9 surfactants were employed; when surfactants with longer alkyl radicals were used, a fibrous mass was initially formed in the solution although on drying it spread and transformed into a film.
Powder X-ray diffractograms (XRD patterns) of the fibres obtained were registered over a 2 scan range between 1.5º and 12º using Cu/Ni kV/20 mA radiation with a DRON-3M X-ray diffractometer (Cu Ka, l = 1.54178 Å). Thermal analyses were undertaken with an MOM Q-1000 derivatograph (temperature ramp, 10ºC/min) employing alumina as the standard against which DTA measurements were made. The IR spectra were registered using a Specord 75 IR spectrophotometer (employing 1:20 KBr tablets).
RESULTS AND DISCUSSION
Fibrous materials were obtained using the sodium salts (in some cases, the potassium salts) of C 5 -C 15 alkylcarboxylic acids; however, with the decanoate [C 9 H 19 C(O)ONa], the fibres obtained were in the form of dense strands of maximum length (Figure 1 ). The length of the fibres also depended on the pH value of the reaction mixture. Overall, such fibres visually resembled down or wool [ Figure 1 (a)] with some quite dense strands among them [ Figure 1 (b)-(d), the latter corresponding to a piece cut from such a strand]. At a still higher magnification, parallel lines were observed on the strands linked to the presence of even thinner strands [see Figure 1(d) ]. The separate fibre (in the upper part of this photomicrograph) probably represented the limit of such strand lamination, at least over the time length of the observations (about 1 month).
The mechanism of formation of the fibres obtained by us can probably be described by the diagram for the formation of MCM-41 materials proposed in the initial studies (Kresge et al. 1992; Vartuli et al. 1994) . In any case, their images (Figure 1) were very similar to those obtained in these studies, particularly with regard to the self-assembly of rod-like micellar strands joined by silica layers.
The X-ray diffraction (XRD) patterns of the fibres as obtained on the basis of sodium decanoate were characterized by approximately the same set of reflections as exhibited in the diffractogram of the initial salt ( Figure 2) . Correlation of the Miller indices (close to 1:4:9) indicated the formation of a lamellar structure which is apparently the outcome of dense parallel packing of long micellar assemblies along the fibres. This structure was also preserved when the fibres were subjected to moderate grinding in an agate mortar, when they were only shortened to ca. 1 mm. The position of the first three low-angle XRD reflections depended on the length of the alkyl radical and was also shifted somewhat depending on the synthesis conditions employed. For these reasons, it was not possible to determine the thickness of the silicate wall of the fibre reliably as the difference between the values of the d-spacings of the decanoate itself (26.37 Å) and of the fibre (26.77 Å). It should be noted that these values, as for the other above-mentioned micellar structures, were close to the thickness of a surfactant bilayer or to the diameter of a spherical or rod-like micelle. The thermogravimetric data (Figure 3) indicate that dehydration of the sodium decanoate occurred up to ~130ºC (mass loss, ~17%) followed by its decomposition over the temperature range 273-530ºC. Dehydration of the fibres (mass loss, ~5%) proceeded up to 119ºC followed by the decomposition of the decanoate starting at ca. 250ºC and proceeding in two stages. The first took place up to 320ºC with a weight loss of 12.5%. The process then slowed down, with the second stage of intensive decomposition occurring over the temperature interval 362-518ºC involving a 62% weight loss of the organic component. Subsequently, a slower weight loss (6.3%) occurred up to ~560ºC. This twin-step nature of decanoate decomposition in the fibre can be connected with the effect of a silicate covering and, probably, a partial weaker interaction between the decanoate anions and sodium cations. High-temperature endothermic effects observed at 760ºC and 832ºC (small endotherm) may be connected with dehydroxylation and structural transformation of the silica. Overall, on the basis of the relationship between the weight loss corresponding to water and the organic component and the residual (silicon + sodium oxide) weights, the composition of the fibres can be defined by the molar ratio decanoate/(SiO 2 + Na 2 O)/H 2 O = 0.55:1.0:0.52.
From elementary organic analysis, the dried fibre contained ca. 13 wt% silicon and ca. 8.5 wt% sodium oxide, corresponding to a molar ratio decanoate/(SiO 2 + Na 2 O) = ca. 0.31:1.0. The reason for the discrepancy between the thermogravimetric and chemical analysis results may be linked to the existence of some amounts of sodium sulphate in the fibre structure.
The IR spectrum of sodium decanoate (in the spectral region 2942 cm -1 to 440 cm -1 ) consisted of many absorption bands. Virtually all their positions and intensities were preserved in the IR spectrum of the fibre (Figure 4) . The additional absorption band appearing in the region 1200-1070 cm -1 , caused by the valency vibrations of the siloxane bonds, indicates a partial condensation of the silicate to silica in the fibres. The absence of other notable distinctions between the spectra of the fibres and the decanoate demonstrates the weak interaction between the decanoate and the silicate (silica) cover.
This appears to be a common feature since what is occurring in this case is the assembly of S + X -I + units which assumes that interaction between the surfactant and the silicate is weaker than that occurring in cation-anion pair (S + I -) formation. It is probable that this factor is the underlying cause of the slow development of a mesophase during fibre formation. In contrast, at a corresponding solution pH, cationic surfactants usually rapidly develop a mesophase but in the form of a precipitate. Thus, 'neutral' templates, such as amines (Tanev and Pinnavaia 1995) and non-ionogenic surfactants, can also be used for the preparation of such fibres. It is obviously important that weak adsorption or ion-exchange interaction with surfactant micellar structures does not lead to any change in their form . The absence of such interaction would ensure that the necessary conditions are created for a quite prolonged process of self-assembly, as a prerequisite to the formation of long one-dimensional structures.
At the same time, the problem of poor mesophase stability could arise as a result of the weak interaction with the silicate, its relatively small quantity on the surface of micellar structures and the relatively low degree of silica condensation at high pH values. Deliberately decreasing the pH of the reaction mixture can lead to the rapid condensation of silicate (silicic acid) in the solution. Under such circumstances, the use of tetraethoxysilane and primary amines with C 8 -C 18 hydrocarbon radicals as micellar templates (S 0 I 0 mechanism) would lead to the formation of hexagonal mesophases with thicker walls than in case of an ion-assembly mechanism but the overall structure formed would be less perfect and exhibit only one low-angle XRD reflection (Tanev and Pinnavaia 1995) .
Literature data indicate that surfactant molecules in aqueous solutions can form many different micellar structures: stripes, twisted stripes, cylinders and vesicles, as well as fibres and cloth-like structures derived from them (Nakashima et al. 1985; Fuhrhop et al. 1987 Fuhrhop et al. , 1990 . However, in all cases, the thickness of such assemblies is determined by the thickness of the bimolecular layer (on average ca. 40 Å) and their length does not exceed 100 mm. The micellar structures are in a state of dynamic equilibrium with reagents in the solution, so that the formation of complicated structures takes a long time -often dozens of hours and months (Nakashima et al. 1985) . Sometimes, they can be stabilized through hydrogen-bond formation at the points of fibre contact and twisting, particular when the latter causes the formation of double spirals (Fuhrhop et al. 1987) .
The fibre strands obtained in the present work attained lengths of 5 cm, while the diameter of the separate strands was ca. 0.5 mm. This means that for a thickness of 27 Å for the decanoate bimolecular layer plus the thickness of the silicate (silica) layer, each such strand would contain about 34 000 single (elementary) micellar fibres. The SEM photomicrographs [ Figure 1(d) ] demonstrate that it is possible to distinguish ribbons of a somewhat smaller width (ca. 0.09 mm) in the densely packed strands; however, the fact that their thickness appears to be similar to that of separate fibres is purely fortuitous in this case. The possibility of forming single strands with a smaller thickness has not been studied to any great extent in the present work.
